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Fly as11 is Sr:~ctior~:~tccl ir~to dilfcrcr~t srl~:~ll rilrlgcs ot' ~ ~ i ~ r t i c l c  size dis!ril)utiur~. 
T'lle very t'ir~e particlc size of fractiorlntcd fly as11 s111aIIcr t11:111 5 I ~ I ~ C ~ U I I S )  \vas 
erl~ploycd to produce high strcr~gtll fly ash concrete. i i f tcen nrld tivc~lty five percent 

I I of lly :1sl1 by  wcigl~t of c-cr~~cr~titious ~ilatcrials were uscd irl the corlcrctc 1i1ix as 
cer l~cr~t  repl:lccrllcr~t. Silica furlle in the powder for111 was also added wit11 t11c same 
proportion as fly ash. The cornpressivc strength of fly as11 and silica fume concrete 
was dcterrl~irled and compared to the control high strength concrete. The  results 
s l~ow t l~a t  t l ~ c  corlll~rcssivc strcr~gtl~ of fly as11 a r~d  silicn fullle corlcrctc :~cl~icves a ,. c strerlgtll of GUUU psi (42 MPa) alter 7 days of curirlg. i llc rate of strcr~gtll gain of 
concrete rrlade from silica lurne is very fast at early age but seems to slow down after 
7 days. Its strcrlgth is alnlost the same as the control strength at 25 days. High 
strcrlgtl~ corlcrctc 111:lelc Iron1 fri~ctiorli~tcd fly as11 bcllavcs dillcrcrltly tllat at t l ~e  early 
age, t l ~ c  s t rcr~gt l~  of Ily i1511 corlcrctc is lo\vcr t1ri111 tllosc or corltrol ;111cl of silici~ Tirri~c 
corlcrctc. Attcr 14 days, t l ~ c  ilsc of fr;lc~iorii~tcd f'ly asti i r ~  c o ~ ~ c r c t c  j)roduccs tllc 
sariic strcrigtll as tlic coritrol coricrcte. Wl!ilc at 28 d:~ys, t l ~ c  strcrigtlis of fly i~sli . 
coricrctc arc I~igllcr t11:111 110th [lie coritrol ;111d silica ~ U I I I C  corlcrctc. ' 1 ' 1 1 ~  s t r c ~ ~ g t l ~ s  of 
t l~csc f l y  :\.\I1 cor~crctcs arc i l l  ;he orddr of :~bo i~ t  8500 1)si (58 
s t rc~~gt l l  [.or t11c cor~lrol i 1 1 1 ~ 1  silic:~ f i r r ~ i ~  corlcrctcs are i ~ b ~ u t  8000 
corlll)rcssivc strcr~gtlls or fly i ~ ~ l i  corlcrctc arc il l  t l ~ c  r;lrlgc of 107% to 115% of tllc 
corltr'ol cor1crclc ; ~ t  t11c :~gc  of 90 tl;~js. 'I'l~c results. o l ~ t a i ~ ~ c t l  l ~ c r c  si~ggcst t l~a  t 
fractior~atccl fly as11 is,n suitq1)lc rliatcri;~l to ~)rodircc 11igl1 strcligtl~ corlcr'ctc. '1.11~ use 
of fly as11 i r i  corlcrctc r~ot  or~ly clirllir~atcs tllc cost ir~currcd for tlic clisl)os:~l oT fly ash 
b i ~ t  :~lso rccli~ccs t l ~ c  cost or 11ig11 strerlgtl~ curicrctc. 

lN'l'l<OL) UCI'1 ON 

ACI corliniittcc 3G3 I I ~ S  sl~ccificd higl~ strerigtll coricrctc as coricrctc wit11 a 
cor~iprcssivc strcr~gt 11 of 6000 1)si (41 hll';~) or gleiitcr (ACI 363, 1990). 'l'l~c basic 
coriccpt to ~ ~ r o d u c c  Iiig\i strer~gtll coricrete is to lower the watcr/ccrllcrlt ~ ~ a t i o  as lllucll 
as possible, usu;~lly i r i  tlic rarige of 0.25 to 0.30. Irl acllicvir~g this w/c ratio, Iliarly Iligll 
strcrigtll corlcrctcs iricorporatc cllcrllical adrllixtures, sucll as water rcclucir~g agents 
or 11igt1-range water reducirlg agents or superplasticizers and rliiricra! adlllixtures 
suc11 ;IS fly ash or silica fumc. Tlie use of a good qu:~lity fly nsll, mcetiop spccific:~tion 
of AS'I'M C-618 Class I:, is a rrlust irl ttlc productiorl of hrgli strc11gt11 e o ~ i c r ~ t e  ('I'il~k 
Force Report No. 5, 1977). ' 1 ' 1 1 ~  fly as11 added serves t\vo j)irrjx)scs, o r ~ c  :IS ~~ozzo la r~ ic  
ril:~tcri:~l to ~~roviclc acltlitiorlal C-S-1-1, a r~d  t11c otllcr as filler to rctlllcc voicls Ixtwce~l 
ccr l~cr~t  particles. O I ) ~ I I I I U ~ I I  arrlourlts arc iri the rarlge of 10% to 15% by wcigllt of 
t l ~ e  ccrllcr~t. 'I'liis rllay vary corlsidcr:~bly iri diffcrerit areas due to i l ~ c  1111ysical and 
cl~erl~ical 11rol)crtics o f 1  t11c ~)ozzoli\rl i ~ r ~ d  its rc:~ction with various ccr~lcrlts. LVllcn 
silica fur l ie  a r~d  l'ly as11 ,wcrc uscd, t l~c  optirllur~~ rllix is ir cor~lbirl;~tior~ or 10% silica 
furlle wit11 159b fly as11 or slag by volurlle (blctita arld Aitcirl 19YO). Silica i l l  tlle 
corill~ir~ctl rilisti~rc ~>ro~.itlcs c:lrly strcrlj:tl~ l o  cor~crctc wllilc f'ly as11 \vIlicll is ; I I I  illcrt 
I I I : I I ~ , I  i : ~ l  st.1 \-tss : IS  1 ( * I : I I  ( I ( . [ .  1 ) 1 1 r  l ~ r o ~ i t i t . ~  I O I I ~ :  r t - 1  111 s ~ I ~ ~ . I I ~ : I ~ I .  h1ox1 1 1 i / ; l 1  S I I ( . I I / ; I ~ I  
ct)rlcrctc 11lixc5 111 csc1111y ~ ~ s c t l  co111;1;11ctl 1)otI1 silic;~ I L I I I I C  ; I I I L I  Ily : I ~ [ I .  

I 



TI'i~c use of tly as11 in lligll strengtll concri te  uridou'>tcclly 11:ls beer1 
dcrilonstratcd to b e  berrcficiai to tllc irltcgriry of tile corllpc?silcs :is \vclj [IS tile 
ccorlolllicnl :lsl,cct o f  tllc fir1:il products. 111 arly cvcrlt, i t  sllould be r~otcd t l l i ~ t  i l l  s~c11  
an ;lpplicatiorl, fly asll ivas ofteri uscd as generic illaterial. Wilile glo1):ll pcrSorn1;irice 
o f  l11gl1 strcrrgtli lly as11 cor~crc te  is s;rtisf;lctor)., ;I clear urldcrstar~dirrg of ilow fly ash 
actually pcrfornls in i~igll  strcngtli concrete cr~vironrnerlt renlairls L I I I ~ I I ~ W I ~ .  l'llis is 
prinlarily d u e  to tile lack of urlderstar~dirlg or1 tllc bel~avior of tile Ily ash uscd. The  
present study uses series of fly as11 of known origin, forrnatiorl, pl~ysicaI,nrld cl~e~riicni 
cllaracteristics. LVitIl these irlforrna tion, tile autilors intend to study tllc role of f'ly as11 
i l l  11igl1 strcr~gtll c o [ ~ c r c t c .  Of p:~rticl~l;lr irltcrcst will be  tlle kcy I)ar;~rllctcrs of f'ly as11 
govcrrlil~g tllc strcrlgtll dcvclol~rl lcr~t  o f  tllc Sirla1 cclncrlt cor~lposltcs. 

I 

In this researcll, testing is rnade to evaluate the efl'ect of silica furlie 3rd fly 
as11 wlicrl'uscd as a ccrlierlt bascd rrlntrix irl concrete. Silica fume irl tllc 1)owder forrl~ 
arld the firlcst lly nsll fro111 tile dry and wet l~ottorrl ashes (3F arld 131;) a r c  r~lixcd wit11 
concrete as 159'0 and  25Yo cerucrlt rcplaccnlcr~ts. Superplasticizer is :lddcd to lower 
tlle water corltcrlt in tllc rllis. Wit11 a Iligll portiorl of silica furiic i l l  tile I I I ~ X ,  tlle 
supcrplasticizcr is ~ ~ s c d  at 10 1111 per poulld of tllc ccnlc~~t i t ious  (ccrl~crlt + fly as11 or 
silica furile) rrlatcrials. 

fvlatcri;~ls ilscd i r ~  this study corlsist of s ta~ldard  portl;~rld cclllcrlt type I ,  
siliceous sarld (rivcr s:lrld) pssir lg sicvc No. 4, coarse nggrcg:~tc \<it11 a ~ ~ l n x i r i ~ u ~ i l  s i ~ e  
of 3/S ir~cll, fly LISII, silica f ~ ~ r l ~ c ,  supcrplasticizcr, arid water. 'I'wo difl'crc~lt kirlds of fly 
as11 fro111 tllc i~tililics irl New Jcrscy were sclcctcd for tllis stildy. Fly as11 of class 13F 
was obta i r~cd  fro111 1)oilcr Ourr~irlg coal at ;I tcrllj)cri1turc Iliglicr t11a11 tllc l'~rsior\ ~ ~ o i ~ l l  
of fly as11 wliilc class 31: Ily as11 the tcriipcraturc iri tile l~oi lcr  was lower tl~all t l ~ c  ; I S I I  
fusiorl tcrlllxra tilrc. 'I'l~csc fly ;1s11cs wcrc obt:~irlcd 1 9 1  scoaratcd tlic origi~lal Sccd fly 
as11 (lly as11 rcccivcd I'rorll [llc uti l i ty silo). 31' ;111cl 13F tly ;lsllcs were vcry fi11c with 
r r ~ a x i r l ~ ~ ~ r ~ l  i~ilrticlc size of less ~ I I ~ I I I  5 ~llicrorls i111d were uscd to p rod i~cc  Iligll strcrlgtll 
l'ly as11 corlcrctc. Sirlcc tllc [);~rticlc sizes of  fly 5sii ;ire vcry f'irlc, tllcy col l t r i l~i~tc 
strcrlgtl~ to tllc corlcrctc k i s~c r  tllari ilsir~g the origir~al fly ash that corllcs directly fro111 
tllc utilily. 17iltccr~ :liitl tivcrny I'ivc llcrccril of fly ;~sll  by kcil; l~t of cclnc~ltit iot~s 
~ ~ ~ a t c r . i : ~ l s  were ~ l s c d  i l l  tile corlcrctc ;IS ccrllcrlt ~ ~ ~ ) I ; I L ' C I I I C I I ~ .  Silic;~ I L I I ~ I C  \V;IS ; \ \so 
used wit11 the sarilt: proportior1 as Ily ils11. 'I'llc corrlprcssivc strcrlgtll oU lligll s t scr~gt l~  
fly as11 corlcrctc ; ~ r l t l  silica f ~ ~ r n e  corlcrctc wcrc clctcrriljrlcd ;111d cor~~l ) ;~rcc l .  1'11~ I I I ~ X  
prol~ortiorls oC Iligll strcr~gtll  l'ly as11 arid silica fuillc corlcrctc arc  s l ~ o w l ~  i r l  'l':~l)lc 1 .  

Table 1 Mix Proportior1 of High Strerlgth Fly Ash arid Silica Fulllc .Corlcrcte 

Ingredient 

Cement 
Fly Ash or Silica Fume 
River Sand 
Aggregate, Basalt 3 / 8 "  
Superplasticizcr 
Water 
Water/ (Cement it ious) 

CSF, Control 
(lb) 

15% Repl. 
(lb) 

8.5 
1.5 
ao 
3 0 

- 1-00 ' ml' 
4 .17  
0 . 4 1 7  

25% Repl 
(lb) 



Table 2 sllobvs Llle cllcrllic:~l c'or~lpositiori of f l v  :rsl~. n l l t I  c-cbl,lc!ll \ ~ z c t l  i l l  t llic 
study. According to ASThl C-61s 1990), I ) o I I \  ~ I ~ I I G ~  L I I I L I  l . \ l s )  ~ I I G  \ : I , I S ~ I I L \ I  b S" a s  Cl;lss F fly ;lstl since the oxide of i 0 2  + A1203 + 1-e2 3 are Iligllcr t l i i l r i  70%. It 
sllould also bc ~lotcd tllat ccrlicrit is ricll \ v i l l i  ~ a o  wllilc tlic two f'ly asllcs i~scd liavc 
orlly about 3 2nd GYo. On tile other ilarid, tile silica content in cerllcrit is o~ily 20% 
~vllile both aslles have about 40 and 50% of silica content. The loss or1 ignition 
wllicll is n [\lcasurc of t l ~ c  carbori corltcnt indicates tllat fly ash consists of about 
of LO1 \vllilc ccrllcrlt llns or~ly 0.73%. Otllcr key variatiorls bctwccil ccrlle~lt and ily 
as11 are the alumina and ferrous oxide con[ents. 

' I  Table 2 Ctic~~licai Cor~lpositiorl of Frac~iorla[ed Fly Asli arid ~en1e;l t  

C 

Particle Size Analysis of Fly Ash 

Sam 

CEi-1 
3 F  
1 3 F  

The particle size distributions of fractionated fly aslles are sllown in Fig. 1. In 
case of the 3F fly nsli, tile finest of dry bottom fly ash, 3F (90910-5 uln) means t h a t  
90Sb of t t ~ c  fly as11 p;lrticlcs arc sr\~:~llcr t i ~ a r ~  5 nlicrons. TIlc 111c;lrl cli;lnletcrs of 3F ' 

;~tid 131; arc 2.1 1 arid 1 .$;I ~l~icrorls, rcsl~cctivcly. Wlicn tllc particle si7,cs ;]re s~~l'rlllcr, 
tllcy ilavc: rliorc spl~crical particles i r i  tllc iractiorl (I-Icrll~ilirlg :r~ld Llcrry 19YG) ,  
rcsultirig i l l  tllc rcductiorl of the \vr!lcr rccluircriicrit to ~ ~ r o d u c c  tlic sa~iic \vorkabili~y. 

C h e m i c a l  C o m p o s i t i o n  ( % )  

LO1 SO3 S i 0 2  A1203  F c 2 0 3  CaO K20 MgO Na2O 

0 . 7 3  2 . 5 3  2 0 . 0 7  8 . 8 4  1 . 4 1  6 0 . 1 4  0 . 8 6  2 . 4 9 '  0 . 2 8  
4 . 9 7  1 . 6 9  4 9 . 8 9  2 6 . 9 4  5 . 4 3  2 . 9 9 1 . 7 6  0 . 9 9  0 . 3 3  
2 . 6 7  3 . 8 1  3 8 . 9 3  2 4 . 9 1  1 2 . 8 9  6 . 8 5  2 . 1 0  1 . 5 5  1 . 3 1  

- 

- 

- 

A Jf (90:-5 uen) 

o IJf (9Jn-5 urn) 

V CERErJT (98C-75 urn1 

2 ' 5 '  ~b 1 4  ' 20 '4s ' 75 1do ~ b t )  'JUO ' 6ot) 1000 

DII<:CTCR (tllcrons) 

Fig. 1 I ' ; IL  ticlc Size Ilistrit)iltior~s of Fr:ictio~l:itccl Fly As11 :\11c1 Ccriicrlt 



Firicricss o f  1;ractiorintcd Fly Ash 

'I'llc fir~cricss of fly :~silcs botii by \vet  sicvc analysis and b y  llle Blaine firlcness 
LogcLl~cl. \ v i t I ~  LIlc sl~ccific griivi~y ot' lly :isl~cs :ire s l ~ o w ~ i  ir l  '1';il)lc 3. h1cii11 di;i~~~eLer-,  
tlic diar l ic~cr  of \vl~icll 50 ~)crccrlt of p;~rticlcs a r c  1;lrgcr lllarl lllis size, is also 
[xcscnted i r1  tllis ? ' i lbl~.  It stlould be 110t~d  tllat by using tlic sieve No. 325 rllctllc;d, 
tllc fr:~ctiorlatcd fly : N I I  sarllplcs 3I7 ;:ar:d 131: 1i;lvc tllc sarllc firlcricss siricc i11l o i  tllc111 
have zcrc; v:~luc rct :~ir~cd or1 tllis sieve. 

Tablc  3 Firlcriess of Ccrllcnt arld Fractiorlatcd Fly Asllcs 

Fineness 

3815 
7844 

11241 

Sam. 
PIo . 

Mean 
Diameter 

(urn) 

Specific 
Grav ' ty 3 
(g/cm ) 

Corlil~rcssivc Strcngtll of IIigh Strcngth Fly Ash and Silica Furlic Coricrctc 

Sam le CSF represents the control sample, without any fly ash or siIica fume. 
Sarnples C l F15 a n d  CSF25 a r e  concretes ~ v i t l i  15% arul 25% of the weight of 
cernerltitious materials replaced by silica fume wl~i le  saniples C3F15 a ~ l d  C3F25 are 
corlcretcs wiill 1596 arld 259'0 replaced by 3 F  fly ash. And, samples C13F1.5 and 
C13F25 a r e  corlcrctcs with 15% and 25% of ccr~lent  replaccd by the 13F fly ash. 
Table 4 stlows tlie cori~pressivc strerlgtli of higl~ strerigtli fly asli a ~ i d  silica furiie 

, corlcrctc. 'I 'at~lc 5 is lllc I)crccrltrlgc corllprcssivc strerigth of Iligll strc~lgtll Ily as11 and 
silic;t t'l~rllc c.o~~c.r.ctc c o ~ ~ ~ l ) ; ~ r c c l  \v i t l l  t l ~ c  corl:rol C.1: s;~~ii j ) lc .  1:igs. 2 ;111c1 3 : ~ r c  tllc 

rcl:~tic)~lsllil) 1)ctwccrl t l ~ c  c o r i ~ ~ ~ r c s s i v c  strcrlgtl~ of liigl~ strc~igtli C O I I C ~ C ~ C  ;11ic1 age . 
\vllc11 11si11g 15% a ~ ~ d  259'0 rcplaccrr~c~lt  of cc111crlt by fly ash or silica I'ur~lc i l l  111c rl1i.u. 

'Tablc 4 Corllj~rcssivc Strcrlgtll o i  I-ligh Strcrlgth Fly All arld Sili t ;~ I;LIIIIC Co~lcrctc  

Sample 
No. 

CSF 

CSF15 
CSF25 

C3F15 
~ 3 ~ 2 5  

C13F15 
C13F25 

Compressive Strength (psi) 

1-day 7-day 14-day 28-day 56-day 90-day 

1912 6352 7346 7881 8645 9322 

2335 7176 7768 8009 8715 9286 
2675 6664 7479 8032 8500 9122 

121G 5055 705G 7820 9031 10023 
1212 5968 7248 8648 9775 10521 

1945 6787 7805 8740 9853 10487 
1782 6031 7240 8561 9814 10748 

Slump 
(cm) 

2 3 

1 
0 

2: 
2 0 

16 
12 
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+ CSF 1 5  ( 1  5:  R E P L A C E ~ ' E ~ I T  OF S I L I C A  FUrIE) 

A C S F 1 5  (15: REPLACEPENT OF S F  F L Y  ASH) 

v c i ~ r i ~ ,  ( 1 5 7  r : c P L A c c r i c r r r  or i ~ r  F L Y  ASII) 

o CSF ( c o r r T r ? o L .  110 ~ L Y  A S H  017 SILICA FUI~E) 
0 I I I I I I I I I I 

o 2 o .I o GO a 0  1 0 0  

AGC (J.J,>) 

Fig. 2 liclatiorlsllip bct\vcc~i Corllprcssivc Strcrlgtll of I-Ii 111 Strcrlgtli Coricrctc and 
~ g c  will1 15% I I C ~ ) ~ ~ C C I I I C I I ~  01 F I ~  h ~ l i  or kilica ~ u m c  

- 

- 

o C S F 1 3  (25.7 I ICPLACCl lC f lT  OF S I L I C A  f U l l C )  

x C J f 2 5  (25:: IIEPLACEPIE~IT Of J F  F L Y  ~ 5 1 1 )  

CSF (COr lTROL.  110 F L Y  A S H  OR S I L I C A  F U N )  

1 I I I I I I I I I I 

ACE (dcys) 

Fig. 3 I icl~\t iorisl i i~~ bctwccrl Corr~~~rcssivc Strcngtli of I-li 111 Strcrlglli Co~lcrctc arld 
. Agc wit11 25% l<c~~laccr~icri t  - of Fly As11 or b 'ilica FUIIIC 

Since the phpor t ions  of cementitious nlaterials, sand, coarse aggregate, 
water, arld supcrp1;lsticizer are constarlt, tlic corlsistency of thc'frcsll qorlcrete 
deperlds or1 the cllar!acteristics of ccr~lentitious nlaterials. Fresh corlcrete with 25% 
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o f  cclllcnt rcj)l;~ccd by silica f u ~ i l ~  Il i l r i  /::ro slulllp w\iil& tile cuIl\ro] coiicrete (CSF 
il:ld a 2.3 cni sluilljl (see Table 4). Beca!:-:t silica iu l l i e  is a very rille particle nlateria 
i t  118s niorc surf;ice area tliail cciliellt 0 1 ;  : ~ i l  ~ ( 1 ~ 4  tvcig \ ; t  basis, 111 gc~lcr:lI, wile11 tile 
111;s I)rol)ortio~l of concrctc is collstarlt, !ilc Illis t v i t l l  :;;lit;, furllc (ill ~ ~ o w d c r  iorlll) 
llccds IniJrc waicr to iiloiiiti\iii i\lc S:llllc . . l ~ ~ ~ ~ l ~ )  01 ~ ~ ) ~ ~ ~ ~ ~ j j i ~ ~ ,  ?j;llc slullll) of coiicrctc 
wit11 fly ash as ccrncnt re~)l.dccrllcrit is Ir).:l!:r ttla11 t l i i i t  of-tile colltrol salllplc. usually, 
fly ash of tile gcileric type O r  original will incrc;\sc \ i r e  s]urllp of co~lcrete but, this 
beilavior docs [lot apply to tliis tyllc of  IIy asil. 31; alld 13F ;Ire very f i ~ l e   article fly 
ashes, their strrface areas as r~leasured tlle llletllod are Inucll higller than 
til ; i t  o f  tile cc111cllt. ' 1 ' 1 1 ~  ~ C S U ~ ~ S  o f  tllis [c:;t cull(irllls t11;~t  very f j l l c  il;lrticle l ly  "511 will 
reduce tile workability of fresll collcrctc. 

'I'lle c o n l p r e ~ ~ i v c  ~ t r ~ l l g t l l  o f  tllc (;c,[l:rol collcrete CSF frolll 1912 psi 
(13 MPo) at  1 day to 9322 psi (64 MI':l a t  180 days. hy Jle a g e o f  7. days, tile 2 co~llprcssivc str~llgt i l  o f  CSF rca~ l les  635 psi (44  ~ 1 ) ; ~ ) ~  wllicll call be as ' IligIl stl.~ilgtl\ concrcic (ACI 361, 1990). ' 1 ' 1 1 ~  c ~ l n \ j ) r c \ s i ~ ~  s~rc , lg \ l l s  ;It  d;ly of C S I T . 1 5  
:l[ltI CSI:2S ;ISC 2335 1)si (16 h.LI'i1) illld 2675 lisi (18 rcSl)cCtivCly or 22% i111d 
4U%, strollgcr tllo11 ~ 1 1 ~  colltr0l Collcrctc. Co[lcrc[c silica [ulllc gail1s strcngtll 
very fast at  early 1 s  1 )  ~ ; I I I  ilc t i l l  lo  both tllc l , ; lcki~lp'a~ld' 
I ) ~ ) z z o l a ~ ~ i c  cl'lccts. 'lf!;~:il.c;lusc 1)ariiclc sizes (I[  siIic;i f u l n c  L,rc s l l l ; l ~ l ,  t llcy f111 tile 
voids of  'tlle concrete matrix, making corlcrcte dc l l sc r  arid ~ o ~ l l ~ , . ~ c t  after 
casting. During tile curing period, tile poz~olanic reaction of  silica funlc takes place 
at n [aster rate :Ilxn tllc tly ash because o I  its finctlcss. Aftcr 28 d;lys, tile 

gaill of  silica fu i t l e  coilcrete slows dowll ;ilid tile strc[lgtll ~ ~ 1 1 s  belo~v tliat of the 
control. Thepercen tage  of  control s t re[ l~t l l  o f  iliS\\ s\reng\\i  fume concrete 
~ v i t i l  25% cernent rep~accnlerlt reduces fro111 140% at 1 day to 98% at  180 dilys. 

1-ligh strc~lgth corlcrctc nladc (roll1 l l y  ilsil bcllavcs i l l  djf[crc~lt wily. 'I'llc early , 
strcllgths o t  high strcriytll 1 1 ~  cullclatc arc  u s ~ : l l l ~  lower 111311 tllc control 
concrete. With 154'0 celllent repiaceln-nt I)!, the 31: f ly ;lsll, klle coI~lprcssive stre~igtll 
of  fly :~sh collcretc varics fro111 1216 psi (S hl['o) at 1 ( l i l y  to 10023 psi (69 
1SLI days or 6356 10 lOSSb of lllc colltrol strc~lgtli. Willl 15% r c l ) l a c c l ~ ~ c ~ l t  
ash, ttlc corllpressive ~trellgth at 1 dzy is cs l~ccied to bc on [Ile order of 80% of the 
coiltrol streirgtlr. Tile lower villuc ()tlscmc(I Ilcre 111ily dile to tile Iligil dosage of '. : 

s ~ ~ ~ ) e r ~ l ~ l : ~ s t i ~ i % ~ : r  L I S C C ~  i l l  t11i.S l11i.Y. ' 1 ' 1 1 ~  S I I / \ ~ r l > l : 1 ~ ~ i ~ i ~ ~ ~  llSCCl i l l  [ [ \ i s  C S I ) C ~ ~ ~ ~ ~ C I \ ~  is . -  , , 

:ibuilt 3 ti~llcs Iligllc~' than tllusc r~colllillcrldcd t i l c  rll;lllut;nctllr.cr Ibr rlo~lllal f. 
.:-' 

coilcrete. I-Iigll dosage of illis adllli~ture will gelleralIy retard tile s e l t i l l ~  of ce~lle~lt  .:.. 

wliicli iesults i l l  the Iowcr C O I I I ~ ~ T ~ S S ~ V ~  S ~ I C I I < ~ I I  i l l  c;lrly (lSc, 1.1,~ C ( ( C ~ t  is [lot :IS fur ;ij 
I ,... 

I ) S O I ~ O L I I ~ C C C ~  i l l  t 1 1 ~  C ~ I S C  or wcl bottonl t . 1 ~  : iG\,  1 1 ; ~ [ t ~ r  7 rl:lys, ~l lc r ; l k  of ... :.. strcrlgtll gain ot' Iligll strerlgtll fly ash co~lc;ct,: rcturrls t o  wl la t  wOLlld lloilll;ll]y be :.:. 
r . '. ;*; cxl~rcted. 1 he ~ 0 l l l p r ~ s s i v c  strength of  fl)' :lsh corlcrclc is coIlsidered to ] l i ~ l l  . ,  

1" i: 
strellgtl~ after 7 days sillcc it exceeds 6000 :xi (41 h.l['a). Tile strcl lgt l i  variatioll of ..: ,.# .>: 
hiph strength fly ash Concrete with 25% rei'i:lcenlent of 1 3 ~  fly varies fioln 1782 :.-=e8 

psi (12 MPa) at  1 day to 10748 psi (74 MI':!\ .u 180 d;lys. Tile greater use fly 
gives loiver ci3rnprcssive strengttl at the c a : ! ~  "13 t o  14 dilys. ~ r t ~ ~  90 days, 
concrete wit11 lligllcr fly :lsll co~iruilt p r o d ~ ~ c , ~ l i y l ~ ~ ~  strcllgtll  i l l i l I l  t i l c  e O I l e r C ~ ~  tvltjl 

e loivcr fly ; I S ~ I  coutc~lt .  In gcrlcral, thc strc;:>::l, <ly coIlcrclc ,,sing 131: fly is liiglier tl~arl tllose usirlg tlie 3F f ly  ash. 

Before 7 d:\ys, [lie ilighcst strerlgtll f~ ;:::d is i i l  ;llc s ~ l l l l p l c s  ,vi t l l  silic;l fu[lie in 
the rrlis: At'tcr .I4 clays, sanlplc CSF1.S arld C4 ;:F1 j :?I.... ,. ,ost ]lave tllc s3111e strength of 
about 7800 psi (51 hll'a). At 23 days of cur:.:,;, Ilisll ~ : ic r l , , t~ l  collcrctes usi l lg sly 
as cerllcrlt replacement produced a stronger' .',:llcre:r: l l l ; l l l  for e i t l l e r  c o r l l r ~ l  or 
tlrc siiic:l lult\c coi~cictc.  The  strciigtil of s;!:.:-:-lcs Cl:~:lz, ~ 1 3 ~ 2 5 ,  :lnd C3F25 are 



S740 11si (GO h'l ' ;~), 8561 [xi (59 hll'a), : ~ r ~ d  S G 4 Y  11si (GO MPa),  rcspcctivcly or I l l % ,  
10'196, arid 111)?6 as c o r ~ ~ j ~ i ~ r c d  will1 tt\c corltrol s trcr~gtl~.  As tllc age ir~crcascs, t11e 
s t rcr~gt l~s  o f  fly :1s11 corlcrctc also ir~crc:~sc. At 90 days, tllc con~l)rcssivc strcr~gtl~s of 
fly as11 corlcrctc arc 10796 to 1159'0 of thc c o ~ ~ t r o l  corlcretc. 

I t  is irltcrcstir~ to rlotc ttlat ttlc cor~~j)rcssivc strcriglll or corlcrctc 11lade will1 
o and 25% replaccnlcrlt) 1l:lvc alriiost the same strcrlgtl~ as tlle s i c  I t 15$ 

corltrol corlcrctc at  tlle age of 90 days. 7'11cse strcrlgtlls are i l l  tile range of a l~out  
9000 psi (G2 bll'a). I t  is obvious that silica furile iri concrete reacts raster tlia~i fly as11 
arid coiltrol corlcrctc but tlie rate becotilcs slo~vcr after 7 days. Figs. 2 and 3 co~ifirlil 
t11c t)cl~avior of I1ig11 strcr~gttl silicil furlie corlcrctc. 

COSCLUSIONS 
I I 

1. Cor~crctc wit11 silica l'urllc 1i:ls a faster rate of strcr~gtll gairi 111 c;~r-ly ages t11;lri 
fly :~s l l  arlrl corltrol concrete. This behavior car1 bc :lttributcd to tllc j~;~ckirlg 
; ~ r ~ r l  jxw.zol:~r~ic cf['ccts. S ~ I I C C  tllc ~);~rticIe sizes of silicii i 'i~r~ie arc very l'irle, 
tllcy lit1 t l~c  vr~icls i r ~  t t ~ c  frcsll corlcrctc :111cl 111:1kc corlcrctc dcrlscr. 

2. , . I he early strcrigtl~s of higli s!rcngtIl fly as11 coricrctc arc lower tlia~l tllc coritrol 
and silica furlic corlcrctc. But after 29 days of curirlg, strcllgtlls ol' fly ash 
corlcrete arc  gcrier:~lly liiglier thari tliose of control liigli strengtll corlcrctc. 

3. I t  is ol~vioils t\1:11 silica furllc ir i  corlcrctc rcilcts faster tllari fly asll arlcl corltsol 
corlcr'ctc I I L I C  tllc r:Ile of strcr~gtl~ g:lirl t~ccor~lcs slo~vcr alrcr 7 cl;~ys. 

4 I-r;~ctiorli~tcd lly asti is a suit;~t~lc rli:~tcri~ll to produce Iligll strcrlgtl~ collcrctc. 
'I'lic use of fr:rclior~:rtcd tly ; I S I I  will lower tlie cost o f  coricrcte. 
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